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(54) Driving circuit for light emitting element using a switclied capacitor circuit 



(57) In a circuit for driving a light emitting element, a 
switched capadtor drcuit including a capacitor is con- 
nected between a power supply and the light emitting 
element The capadtor in ttie switched capadtor drcuit 
Is charge to a power supply voltage when switches are 
exchanged to the sides of charging. The power supply Is 
connected In series with the capacitor when the 
switches in the switched capadtor circuit are exchanged 
to the side of discharging. The power supply and capac- 
itor connected in series therewith supplies the driving 



current to the fight emitting element. Changing the 
number of times of exchange of the switches permits 
the driving current to flow into the light emitting element 
to be varied. Thus, the drcuit for driving a light emitting 
element with excellent power-supply efficiency is pro- 
vided which can drive a light-emitting element even 
when the power supply voltage for driving the light emit- 
ting element is lower than the forward voltage thereof. 
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Description 

BACKGROUND OF THE INVENTION 

Reld of the Invention s 

The present invention relates to a driving drcuit for 
a light emitting element, and more particularly to a driv- 
ing drcuit which is suitably used to drive a light emitting 
element whose luminance varies in accordance with a 10 
flowing driving cun-ent, e.g. an LED (light emitting diode} 
and an organic EL (electroluminescence). 

Description of the Prior Art 

In the light emitting element such as LED and 
organic EL, when the driving current flowing into the ele- 
ment varies, its light-emitting luminance also varies 
undesirably. For this reason, the driving current flowing 
into the element must be cor^rolled so that it is main- so 
tained constant. 

Rg. 10 shows the first example of a conventional 
driving circuit In this driving drcuit a constat cun-ent 
supply 3 intends to change the driving current, which is 
supplied to a Gght emitting element 2 supplied from a 25 
power supply 1 for driving it, into a constant current It 
should be noted that the light emitting element 2 emits 
light when a switch 4 is open as indicated by solid line, 
and ceases to emit light when it is dosed as indicated 
by dotted line. . 3o 

Rg. 1 1 shows the second example of the conven- 
tional driving circuit In this configuration, a high resist- 
ance 5, which is inserted in series between a light 
emitting element 2 and a power supply 1 for driving it 
intends to control the driving current flowing through the 35 
light emitting element 2 to be constant. It should be 
noted that the light emitting elemerrt 2 emits light when 
a switch 6 is located at a position indicated by solid line 
and it ceases to emit light when the switch 6 Is changed 
to another position indicated by dotted line. 40 

In tDOth driving circuits described above, the driving 
power supply 1 for a light emitting element 2 is required 
to have a power supply voltage Vcc which is higher than 
the forward voltage Vf of the light emitting element 2, 
This driving circuit therefore, cannot be used when the 45 
power supply voltage Vcc is lower than the forward volt- 
age Vf, 

Meanwhile, setting the power supply voltage Vcc 
for a higher value than the forward voltage Vf results in 
wasteful power consunption corresponding to the dif- so 
ference therebetween, thereby deteriorating efficiency 
of power supply. This is very problematic in a portable or 
vehicle-mounted appliance in which a dry cell or t>attery 
is used as a power supply for driving the light emitting . 
element. The forward voltage Vf of LED is as low as + ss 
1.5 V to + 2 V and also r^atively stable. On the other 
hand, that of the organic EL is as high as + 6 V to 12 V 
and also greatiy varies in accordance with luminance, 
temperature and time passage. Where the organic EL is 
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used as a display of "car stereo*, since a vehide- 
mounted battery must be used as a power supply 1 for 
driving the light emitting element as the case may be. 
tiie light emitting element, if the power supply is not 
boosted, cannot be driven. 

SUMIS/IARY OF THE INVENTION 

An object of the present invention is to provide a 
driving drcuit with excellent power-supply efficiency 
which can drive a light-emitting element even when the 
power supply voltage for driving the light emitting ele- 
ment is lower than the forward voltage thereof using a 
switched capacitor circuit. 

In order to attain the above object, in accordance 
with the present invention, there is provided a driving 
drcuit for a light emitting element, comprising a 
switched capacitor circuit connected between the light 
emitting element and a drive power supply therefor. In 
this structure, even when the power supply voltage is 
lower than the forward voltage of the light emitting ele- 
ment the light emitting element can be driven to emit 
light Thus, the driving circuit has excellent power-sup- 
ply effidency and hence can be stably used for a vehi- 
de-mounted battery experiencing extreme voltage 
variations. 

A saw-tooth wave generating circuit is preferably 
connected in series between a capacitor and ground of 
the switched capacitor circuit In this structure, tiie driv- 
ing current flowing into the light emitting element can be 
maintained constant which does not exceed the abso- 
lute maximum current of the light emitting element The 
instantaneous maximum voltage of an output can be set 
for a lower point which does not exce^ the witiistand 
voltage of a drive 10. 

A plurality of switched capacitor circuits are prefer- 
ably conn^^ in tandem in plural stages. In this struc- 
ture/the light emitting element can be driven even when 
the foHA/ard voltage of the light emitting element is twice 
or more as high as the power supply voltage. This con- 
tribute to extend the application field of the driving circuit 
greatiy. 

A saw-tooth wave generating circuit is preferably 
connected in series between a capacitor and ground of 
the switched capacitor circuit at the first stage nearest to 
the drive power supply for the light emitting element. In 
this structure, even when the forward voltage of tiie light 
emitting element is twice or more as high as the power 
supply voltage, the driving current flowing into the light 
emitting element can be maintained constant which 
does not exceed the absolute maximum current of the 
light emitting element. The Instantaneous maximum 
voltage of an output can be set for a lower point which 
does not exceed the withstand voltage of a drive IC. 

The number of times of charging/discharging the 
switched capacitor circuit is preferably varied in accord- 
ance with the current flowing through the light emitting 
element In this structure, the light-emitting luminance 
can be changed freely so that in accordance with the 



2 



: <EP 076e22lAl J_> 



r 



EP 0 766 221 A1 



area of the light emitting element the luminance can be 
set. thus permitting the tone to be represented. 

The above and other object and features of the 
present invention will be more apparent from the follow- 
ing description taken in conjunction with the accompa- s 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a circuit diagram showing the first embodi- io 
ment of a driving circuit according to the present 
invention; 

Rg. 2 is an operation waveform chart of the embod- 
iment of Rg. 1 ; 

Rg. 3 is a circuit diagram when the first embodi- is 
ment is configured into an integrated circuit (10); 
Rg. 4 is a circuit diagram of the second embodi- 
ment of a driving circuit according to the present 
invention; 

Rg. 5 is a circuit diagram of the third embodiment of so 
a driving circuit according to the present invention; 
Rg. 6 is a circuit diagram of the fourth embodiment 
of a driving circuit according to the present inven- 
tion; 

Rg. 7 is a waveform cfiart of the saw-tooth voltage 25 
produced from a saw-tooth wave generating aYcurt 
in the driving circuit of the fourth embodiment: 
Rg. 8 is a circuit diagram of the fifth embodiment of 
a driving circuit according to the present invention; 
Rg. 9 is a block diagram showing an example of a 30 
sinrple matrix display system configured using the 
driving circuit according to the present invention; 
and 

Rg. 10 is a circuit diagram of the first prior art; and 
Rg. 11 is a circuit diagram of the second prior art 35 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Now referring to the drawings, an explanation will 40 
be given of several enrtbodments of a driving circuit for 
a light emitting element according to the present inven- 
tion. 

Embodiment 1 45 

Rg. 1 shows a first embodiment of a driving circuit 
according to the present invention. In Fig. 1 , like refer- 
ence numerals refer to like elements in Figs. 10 and 11. 

As seen from Fig. 1 , in this embodiment, a switched $0 
capacitor circuit 10 is connected between a light emit- 
ting element 2 and a drive power supply 1 therefor. The 
switched capacitor circuit 10 includes two switches 7. 8 
and a capacitor 9 sandwiched therebetween. Specifi- 
cally, the anode of the drive power supply 1 is con- 55 
nected to terminal a of tiie switch 7 and terminal b of the 
swrtch 8, respectively. The terminal c of the switch 7 is 
connected to the anode of the light emitting element 2. 
A capacitor 9 having predetermined capacitance is con- 



nected between the respective terminals c of the 
switches 7 and 8. Incidentally, the terminal b of the 
switch 7 is opened and the terminal a of the switch 8 is 
connected to ground. 

The switched capacitor circuit 10 appears to serve 
as an ordinary boosting circuit. But, as described below 
in detail, tiie switched capacitor circuit 10 does not 
serve as the ordinary boosting circuit for supplying 2\/cc 
twice as large as a power supply voltage Vcc to load, 
but as a charge injecting circuit for once storing charges 
for light emission in the capacitor 9 from the drive power 
supply 1 and injecting the stored charges into the light 
emitting element 2. 

An explanation will be given of the operation of the 
driving circuit according to this embodiment. 

It is now assumed tiiat Vcc < Vf < 2 Vcc, i.e., tiie for- 
ward voltage Vf of the light emitting elennent 2 is larger 
than the power supply voltage Vcc, and smaller tiian 
twice of the power supply voltage Vcc. Therefore, even 
when the switched capacitor circuit 10 of Rg. 1 is 
removed and the drive power supply 1 Is directiy con- 
nected to the light emitting element 2, the light emitting 
element 2 cannot emit light. 

Now it is assumed that two switches 7 and 8 within 
the switched capacitor circuit 10 have been exchanged 
to the respective terminals a as indicated in solid line. In 
this state (hereinafter referred to as "charged state"), 
tiie capacitor 9 is charged to a power supply voltage Vcc 
in a path consisting of the anode of the drive power sup- 
ply 1, a-c terminal of the swHch 7, capacitors, c-atenni- 
nal of the switch 8 and ground. 

Assuming that the capacitor 9 has 01 of electro- 
static capacitance, the charge of Q1 = 01 x Vcc is 
stored. 

After a predetermined time, two switches 7 and 8 
are exchanged to the side of the terminal b as illustrated 
in dotted line. In this state (hereinafter referred to as 
"discharged state"), the capacitor 9 is connected in 
series with the drive power supply 1 in a path consisting 
of the anode of the drive power supply 1 , b-c terminal of 
the switch 8, light emitting element 2 and ground. 

Because of this series connection, the potential 
Vpl at point PI on the side of the switch 8 of the capac- 
itor 9 is boosted toward the power supply voltage Vcc. 
Correspondingly, the potential Vp2 at a position on the 
side of the light emitting element 2 is boosted toward 
2Vcc. In this case, since the light emitting element 2 is 
connected to the point P2 as load, when the voltage 
Vp2 at point of P2 reaches the forward voltage Vf of the 
light emitting element 2. charges start to flow from the 
light emitting element 2 from the capacitor 9, thus start- 
ing light emission of the light errtftting element 2. There- 
fore, the voltage Vp2 is not boosted to exceed the 
fbnrtard voltage Vf of the light emitting element 2. After 
lapse of a predetermined time, two switches 7 and 8 are 
exchanged to the side of the respective terminals a 
(side of charged state) again. 

The charges 0 flowing towards the light emitting 
element 2 when the discharging operation is once 
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effected is 

Q = ClxVd (1) 

where Vd = 2Vcc-Vf 5 

The light emitting element 2, as described later in 
connection with Fig. 9, is arranged in a matrix shape 
together with other light emitting elements. The light 
emitting element 2 is commonly driven by a "matrix sys- 
tem" in which a driving voltage is sequentially applied to 10 
the light emitting elements at cross points in the matrix 
to emit light. Assuming that the driving time Tl assigned 
for a single light emitting element is Td, the switches 7 
and 8 are exctenged N times within the driving time Tl 
to effect the charging/discharging operation N times, the 75 
average value I of the driving current flowing into the 
light emitting element 2 is expressed by 

U (Q X N)/Td = (C1 X Vd x N)/Td (2) 

so 

As apparent from Equation (2). if the nurrijer N of 
times of exchange of tiie switches 7 and 8, the average 
value of the driving current flowing into the light emitting 
element 2 can be varied. Thus, the luminance of the 
light emitting element 2 can be altered so tiiat the in the 2s 
driving circuit using the switched capacitor circuit 10. 
the same luminance can be c^tained as in the conven- 
tional circuit 

Rg. 2 is a waveform chart of the voltage Vp1 at the 
point of PI and the voltage Vp2 at the point P2 in Rg. 1 . 30 
The voltage Vp1 at the point PI goes back and fortii 
between 0 V (ground) and power supply voltage Vcc. 
The waveform of the voltage Vpl is shown in a trape- 
zoid shape, considering tiie slew rate of the circuit. On 
the otiier hand, the voltage Vp2 at the point P2 remains 35 
the power supply voltage Vcc during the charged state 
where the switches 7 and 8 are exchanged to the termi- 
nals of s. 

When the switches 7 and 8 are exchanged to the 
terminals of b to lead to tiie cfischarged state, the volt- 40 
age Vp2 at the point P2 Is boosted towards 2Vcc in par- 
allel to voltage Vp1 . When the voltage VP2 reaches the 
fbnward voltage Vf of tiie light emitting element 2. 
charges start to flow from the capadtor 9 to the light 
emitting element 2. At this time, boosting of the voltage 45 
stops. Simultaneously when discharging starts, the light 
emitting element 2 starts to emit Oght. 

After a predetenmined time, the voltage Vp1 at the 
point P1 reaches a power supply voltage Vcc, the volt- 
age Vp2 at the point P2 is gradually lowered as dis- so 
charging of the capacitor 9 proceeds. At tiiis time, 
charges sufficient to cause the light emitting element 2 
emit light are not discharged. When the voltage Vp2 at 
the point P1 reaches the power supply voltage Vcc. the 
light emitting element 2 substantially ceases to emit ss 
light Discharging of tiie capacitor 9 further proceeds so 
that the voltage Vp2 at the point P2 is lowered toward 
the power supply voltage Vcc. Then, since the amount 
of discharged charges is small, the light emitting ele- 
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ment 2 is not caused to emit light. 

After a predetermined time, the switches 7 and 8 
are exchanged to the terminals a to lead to the charged 
state, the capacitor 9 is charged again by tiie power 
supply voltage Vcc of tiie driving power supply 1 for 
preparation of a next discharging operation. The above 
charging/discharging operation is repeated so tiiat tiie 
light emitting element 2 emits light at a predetermined 
luminance. 

Rg. 3 shows an example in which the switched 
capacitor 10 of the driving circuit of Rg. 1 is IC-ed (inte- 
grated-circuited) using C-MOS's. In this figure, although 
it appears that tiie capacitor 9 is not IC-ed, in an actual 
circuit, tiie capacitor 9 can be integrally formed on a 
substrate through an IC process of CMOS. The entire 
circuit of the switched capacitor drcuit 1 0 is IC-ed into a 
single chip. The driving drcuit according to the present 
invention is suited to mass production, and is miniatur- 
ized. In Rg. 3, tiie portion indicated by reference 
numeral 1 1 denotes a clock-phase inverting drcurt for 
turning ON/OFF tiie switch 7. 

Embodiment 2 

Rg. 4 shows a secord embodiment of the driving 
drcuit according to the present invention. The second 
embodiment is a modification of the driving drcuit of 
Rg. 1 . In the driving circuit of Rg. 1 . tiie terminal c of the 
switch 7 is connected to the fight emitting element 2 of 
the switch 7, whereas in the driving circuit of Rg. 4. tiie 
terminal b is connected to the light emitting element 2. 
In the case of such a connection, since the power sup- 
ply voltage Vcc is not entirely applied to ttie light emit- 
ting element 2 in the charged state when tiie switches 7 
and 8 have been exchanged to the respective terminals 
a. leakage of charges in charging can be removed. 

Embodiment 3 

Rg. 5 shows the third embodiment of the present 
invention. In this embodiment between tiie driving 
jMwer supply 1 and the fight emitting element 2, two 
switched capacitor drcuits lOi and IO2 are connected 
in tandem. This driving drcuit is suited to the case 
where 2Vcc < Vf < 3Vcc, i.e.. the fbnward voltage Vf of 
the light emitting element 2 is larger than twice and 
smaller than three-times of the power supply voltage 
Vcc. 

The switches 7 and 8 in the switched capadtor cir- 
cuit 10^ ard those in the switched capacitor drcuit IO2 
are exchanged synchronously, in the state (charged 
state) exchanged to the tern^nals a. the capacitor 9 in 
each of the drcuits has been charged to the power sup- 
ply voltage Vcc. When the switches 7 and 8 in each of 
both switched capacitor drcuits are exchanged to the 
terminal b (discharged state), two capadtors 9 and 9 
are connected in series with the driving power supply 1 , 
the voltage Vp3 at point P3 is boosted towards 3 Vcc. 
When the voltage Vp3 at the point P3 reaches the for- 
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ward voltage Vf of the light emitting element, the light 
emitting element 2 starts to emit light 

In the driving circuit of Fig. 5. assuming that two 
capacitors 9, 9 have equal values C1. the composite 
electrostatic capacitance CO when they are connected 
in series in discharging is CO = C1/2 . Therefore, in the 
driving circuit of Fig. 5, the charges Q to flow towards 
the light emitting element 2 when the discharging oper- 
ation is once effected is expressed by 



Q := CO X Vd 



(3) 



where Vd = 3Vcc - Vf 

Then, the average value of the driving cun-ent flowing 
through the light emitting element 2 is expressed by 



I = (Q X N)/rd « (Co X Vd X ISI)/Td 



(4) 



As understood from Equation (4). also in the driving 
circuit of Rg. 5. like the circuit of Rg. 1 desaibed above, 
by controlling the number N of times of exchange of the 
switches 7 and 8, the light-emitting luminance of the 
light emitting element 2 can be varied. It is needless to 
say that the capacitors 9, 9 within each of the switched 
capacitor circuit 10^ and IO2 may have different electro- 
static capacitances. 

Embodiment 4 

Rg. 6 shows the fourth embodiment of a driving cir- 
cuit according to the present invention. 

This embodiment is such a drcuit that in the driving 
circuit of Rg. 4, a saw-tooth wave generating circuit 12 
is connected instead of the switch 8 between the capac- 
itor 9 and ground. 

In the case of the driving circuit shown in Rg. 1 or 
Rg. 4, the average value I of the driving current supplied 
to the light emitting element 2 Is expressed by Equation 
(2) or (4). However, this current is an average value 
within a certain period. The instantaneous driving cur- 
rent iO which starts to flow fn^m the capacitor 9 
becomes gradually small as discharging of the capaci- 
tor 9 proceeds. This means that the light emitting lumi- 
nance of the light emitting element 2 varies. In the case 
of the driving circuit of Rg. 1 or Fig. 4, the light emitting 
element 2 gives a satis^ctory average luminance. 
Therefore, if the instantaneous driving current iO can be 
made constant while the capacitor 9 discharges, the 
luminance of tine light emitting element 2 can also be 
made constant Thus, the driving current can be easily 
controlled so that it does not exceed the absolute maxi- 
mum current of the light emitting element 2, and the 
instantaneous maximum voltage at tiie point P3 can be 
reduced. 

For this purpose, in the driving circuit of Rg. 6. the 
saw-tootii wave generating circuit is connected between 
the capacitor 9 and ground. In operation, after the 
switch 8 is exchanged to the temninal the saw-tooth 
wave generating circuit 12 generates a saw-tooth wave 



voltage as shown in Fig. 7. This saw-tooth wave voltage 
is used to compensate for the voltage drop of tiie capac- 
itor 9 due to its discharging, thereby capable of main- 
taining the instantaneous value iO flowing into the light 
5 emitting element 2 constant during the discharging 
period. 

Specifically, assuming that tiie saw-tooth wave volt- 
age outputted from the saw-tooth generating circuit 12 
is Vi, the instantaneous current iO which starts to flow 
10 from the capacitor 9 to the light emitting element 2 in 
discharging is expressed by 



10 = CI X (dVi/dt) 



(5) 



15 Since the gradient of the saw-tooth wave voltage Vi is 
constant, (Dvi/dt) in Equation (5) Is also constant, and 
hence iO becomes constant 

Rg. 8 shows the f iftti embodiment of the driving cir- 
cuit according to the present invention. 

20 In the fifth embodiment, in the driving circuit of Rg. 
5, in place of the switch 8 in the first switched capacitor 
circuit IO1 nearest to the driving power supply 1, the 
saw-tooth wave generating drcuit 12 is connected 
between the capacitor 9 and ground. In tiiis case also, 

25 as in the driving drcuit of Rg. 7, the Instantaneous cur- 
rent iO which starts to flow toward tiie light emitting ele- 
ment 2 can be made constant. 

In the errtjodiments d the present invention 
descn*bed above, although at most two connection 

30 Stages of the switched capadtor drcuit 10 have been 
adopted, three or more stages of Ihe switched capacitor 
drcuit 10 may be connected in accordance with the 
relationship between the power supply voltage Vcc and 
the fonfl^ard vortage Vf of the Oght emitting element Fur- 

35 ther. in the embodiments, altinough a plus (+) potential 
was outputted as a driving vdtage. a minus (-) potential 
may be outputted. In this case, the polarity of each ele- 
ment in the driving circuit should be inverted. 

Rg. 9 shows an embodiment of a simple matrix dis- 

40 play system configured using the driving circuit accord- 
ing to the present invention. 

In this embodiment, nine light ennitting elements 2^ 
- 29 arranged in a matrix are drive-controlled by the driv- 
ing drcuit according to the present invention. The indi- 
es vidual light emitting elements 2^ - 2q are connected at 
cross-points of cathode scanning lines 15f - 153 and 
anode driving lines I6-1 -I63. The cathode scanning 
lines 15i - 163 are sequentially scanned by a cathode 
scanning unit 17 and the anode driving lines I61 • I63 

so are simultaneously driven by an anode drive unit 18. 
The driving circuits 1 9^ - 193 provided coiresponding to 
the respective anode driving lines I&1 - 163 issue driv- 
ing pulses simultaneously in parallel. The driving drcuit 
19^-193 have either one of the driving circuits shown in 

55 Figs. 1 . 4. 6 and 8 in accordance with the specification 
of a used system. 

A scanning pulse generating unit 20 serves to gen- 
erate scanning pulses for sequentially selecting the 
cathode scanning lines 15i - 163 at predetermined 
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intervals T on the basis of a clock from a clock generat- 
ing unit 21. A light emitting data generating unit 22 
serves to designate the number N of times of switch 
exchange for the light emitting element to emit fight. A 
counter 23 serves to produce a switch exchange pulse 5 
for each of the light emitting elements to emit light. The 
clock sent from the clock generating unit 21 is divided by 
the number N of times of switch exchange from a light- 
emitting data generating unit 22 so that a switch 
exchange pulse for each of the light emitting elements Is 10 
generated. These switch exchange pulses are sent as a 
serial signal to a serial-parallel conversion unit 24. 

The seriali3arallel conversion unit 24 divides the 
switch exchange pulses sent as a serial signal for each 
of the light emitting elements, and supply these pulses is 
in an extended time axis, simultaneously in parallel, to 
the corresponding driving drcuits 19^ - 183 in the anode 
driving unit 18. 

An explanation will be given of the operation of the 
display system of Fig. 9 in connection with a light emit- 20 
ting element 25 at a center position of the matrix of the 
light emitting elements 2^ - 29 is to be emitted. 

The cathode scanning unit 17 sequentially selects 
the cathode scanning lines 15i - 153 at predetermined 
Intervals of T. In this selection, the selected cathode 25 
scanning line is connect&J to 0 V (ground) whereas the 
other cathode scanning lines not selected are con- 
nected to a voltage equal to the power supply voltage 
Vcc for tiie driving circuits 19-| - I93. Now when the 
catiiode scanning line 162 is selected, as shown in Fig. 30 
10, the cathode scanning tine 152 is connects to 0 V 
(ground) and the otiier cathode scanning lines 15^ and 
1 53 are connected to Vcc. 

In tNs state, as shown in Fig. 9, the counter 23 pro- 
duces switch exchange pulses (1). (2) arxJ (3) for the 3s 
respective light emitting elements at intervals of 
Td = 1/3 T. In this example, since only the light emit- 
ting element 2q of the above three light en&tting ele- 
ments 24. 25 and 26 emits light the switch exchange 
pulse is outputted at only the position of the second tim- 40 
ing (2) corresponding to the light emitting element 25. 

The counter 23 divides the dock from the clock 
generating drcuit 21 on the basis of tiie designated data 
of the number N of times of switch exchange sent from 
the light emitting data generating drcuit 22 to produce N 45 
switch exchange pulses with the driving period Td at the 
position of tiie timing (2) and send these pulses to the 
serial-parallel conversion unit 24. 

The serial-parallel conversion unit 24 separates the 
signals of (1). (2) and (3) sent from the counter 23 as so 
serial signals to extend their time axes to three times 
3 *• Td = T , and send these time-extended signals (1). 
(2) and (3) simultaneously in parallel to the correspond- 
ing driving circuit 19i - 193. 

In the case of this example, the time-extended ss 
switch exchange pulses of (2) are supplied to only the 
second driving drcuit 182. Thus, in response to switch 
exchange pulses of (2). the driving circuit ISg, as 
desaibed aoove, exchanges the switches 7 and 8 in the 
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switched capacitor drcuit 10 (or lO-i and IO2 in Rg. 5) in 
accordance with the switch exchange pulses of (2). 

Because of the switch exchange of the switches 7 
and 8. the driving circuit 192 supplies the driving current 
corresponding to the number N of times of switch 
exchange to the anode driving line I62. The driving cur- 
rent flows through the light emitting element 25 on tiie 
passage consisting of anode driving line I62, light emit- 
ting element 25. cathode scanning line 162 and 0 V 
(ground). As a result, the light emitting element 25 emits 
light with the luminance corresponding to the driving 
current 

By the r^etition of the above operation at a period 
T. the light emitting element 25 repeats the emission of 
light. Thus, with the period T set for 30 ms or shorter, 
because of an afterimage operation, human eyes rec- 
ognize that the light emitting element 25 is emitting light 
continuously. 

Although several embodiments of the present 
invention have been explained, the present invention 
should not be limited to these enriDodiments. Several 
modifications can be proposed by those skilloJ in the art 
without departing the scope and spirit of the present 
invention. 

Claims 

1 . A circuit for driving a light emitting element compris- 
ing: 

a fight emitting element; 

a power supply for the light emitting element; 

arxi 

a switched capacitor drcuit induding a capad- 
tor and connected between said light emitting 
element and said power supply. 

2. 'A drcuit according to claim 1 , wherein a saw-tooth 
wave generating circuit is connected in series 
between the capacitor and grourKi in said switched 
capacitor drcuit 

3. A drcuit for driving a light emitting element accord- 
ing to daim 1. wherein a plurality of switched 
capacitor drcuits each induding a capacitor are 
connected in tandem. 

4. A circuit according to claim 3, wherein a saw-tooth 
wave generating drcuit is connected in series 
between the capacitor and ground in the switched 
capacitor drcuit nearest to the power supply for 
said light emitting element 

5. A circuit according to daim 1 , wherein the number 
of times of charging/disdiarging in said switched 
capacitor circuit is changed in accordance with a 
driving ojrrent to flow into said light emitting ele- 
ment. - . 



BNSOCXJID: <EP 0766221 A1J,> 




11 EP 0 766 221 A1 

6. A circuit according to claim 2, wherein the number 
of times of charging/discharging in said switched 
capacitor circuit is changed in accordance with a 
driving current to flow into said light emitting ele- 
ment 5 



7. A circuit according to claim 3, wherein the number 
of times of charging/discharging in said switched 
capacitor circuH is changed in accordance with a 
driving current to flow into said light emitting ele- io 
mertt 



8. A circuit according to claim 4. wherein the number 
of times of charging/discharging in said switched 
capacitor circuit is changed in accordance with a is 
driving current to flow irtto said light emitting ele- 
ment 

9. A simple-n:iatrix display system provided with a plu- 
rality of circuits each for driving a light emitting ele- 20 
ment according to claim 1, conrprising: 

a matrix for display elements composed of a 
plurality of cathode scanning lines, a plurality of 
anode drive lines and a plurality of light emitting 2S 
elements arranged in a matrix at crossing 
points thereof; 

a cathode scanning unit for sequentially scan- 
ning said cathode scanning lines; 
an anode driving unit for driving said ianode 30 
driving lines simultaneously with a scanning 
OjDeration of the cathode scanning unit; 
said driving circuits being provided so as to cor- 
respond to the anode driving lines within said 
anode driving unit and supplying driving pulses ss 
to the display elements amultaneously in paral- 
lel; 

a clock generating unit for generating clocks; 
a scanning pulse generating unit for generating 
scanning pulses for sequentially selecting said 40 
cathode scanning lines at prescribed intervals 
on the basis of the clocks generated from said 
clock generating unit; 

a Tight emission data generating unit for speci- 
fying tiienunnber of times of switch exchange of 45 
the light emitting elements to emit light; 
a counter for creating a switch exchange pulse 
for each of the light emitting elements by divid- 
ing the dock sent from said clock generating 
unit by the number of times of switch exchange $0 
supplied from said light emitting data generat- 
ing unit; and 

a serial-parallel cortversiori unit for cortverting 
tiie switch exchange pulse as a serial signal 
supplied from said counter into parallel signals ss 
and supplying them to said driving circuits in 
said anode driving unit. 
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